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Dietary protein, urea nitrogen appearance and total nitrogen appear-
ance in chronic renal failure and CAPD patients. This study was carried
out to examine the mathematical relationships between the urea nitrogen
appearance (UNA), total nitrogen appearance (TNA) and dietary nitro-
gen intake (DNI) in patients with chronic renal failure. Studies were
conducted in 20 nondialyzed patients with advanced chronic renal failure
(CRF) who were fed 27 constant protein diets for 24.8 9.5 days (SD) and
eight patients undergoing continuous ambulatory peritoneal dialysis(CAPD), who ingested 13 constant protein diets for 20.3 4.9 days. All
patients lived in a hospital research ward throughout the study and
underwent full nitrogen balance measurements. Data were analyzed after
patients attained equilibrium or near equilibrium with each dietary
protein intake. In the CRF patients, using the mean values obtained
during the equilibrium phase, there was a direct and precise correlation
between the TNA and UNA, where TNA glday = 1.19 UNA g/day + 1.27
glday, r = 0.948. The correlation between DNI and UNA was also highly
significant, but less precise, with somewhat greater 95% confidence
intervals: DNI g/day = 1.20 UNA g/day + 1.74 glday, r = 0.865. The
relationship between DNI and TNA was not much more precise: DNI
g/day = 0.97 TNA glday + 0.65 glday, r = 0.880. With the CAPD patients,
the relationships were as follows: TNA g/day = 0.94 UNA g/day + 5.54
g/day, r = 0.956; DNI glday = 0.97 UNA glday + 6.80 glday, r = 0.705;
DNI g/day = 1.07 TNA glday + 0.63 g/day, r = 0.760. For the CAPD
patients, the lowest 95% confidence intervals were also found for the
correlation between TNA and UNA. Thus, in both CRF and CAPD
patients, the TNA is highly and precisely correlated with the UNA. The
DNI is also significantly correlated with UNA and TNA, but the relation-
ship is less precise. In both of these two groups of patients, the difference
between the regression equations for TNA versus UNA and DNI versus
UNA was, to a substantial degree, accounted for by the intercept.
The monitoring of the dietary protein intake and total nitrogen
appearance [TNA; the sum of urine nitrogen + dialysate nitrogen
(if any) + fecal nitrogen + change in body urea nitrogen] is an
established aspect of the management of the patient with chronic
renal failure [1, 2]. These measurements provide information
concerning the patient's nutritional intake, rate of net protein
breakdown and rate of generation of some potential uremic
toxins. The urea nitrogen appearance [UNA; the sum of the urea
nitrogen content in urine + dialysate (if any) + change in body
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urea nitrogen] is commonly used to estimate the TNA and, in
clinically stable patients, the dietary protein intake [1, 2]. The
mathematical relationships between the dietary protein intake,
TNA and UNA in patients with chronic renal failure have been
derived from several studies [3—11]. However, most of the studies
that have been used to determine the relationship between the
UNA and the dietary protein intake actually have examined the
relationship between the TNA and UNA. The assumption has
been made either that TNA is equal to the dietary nitrogen intake
(DNI) or that there is a constant mathematical relationship
between the TNA and the DNI, at least in clinically stable
individuals. Moreover, in studies where the dietary protein intake
and the UNA were each measured directly, patients often were
fed a constant protein diet for only short periods of time that may
not have been sufficient to allow patients to equilibrate on the
diets. Sometimes the patients studied did not live in specially
designed research units where precise control of dietary intake
and collection of nitrogen outputs could be obtained.
We therefore have re-evaluated these relationships in a group
of 20 nondialyzed patients with advanced chronic renal failure
who were fed 27 constant protein diets and in a group of eight
patients undergoing continuous ambulatory peritoneal dialysis
(CAPD) who were fed 13 constant protein diets. All patients lived
in a hospital research ward throughout the period of observation
and were fed their protein diets for relatively extended periods of
time. Our goal was to examine, under potentially more carefully
controlled conditions, the mathematical relationships between
dietary nitrogen intake (DNI; note that the nitrogen intake rather
than protein intake is alluded to because nitrogen analysis is the
standard method for the biochemical measurement of dietary
protein content), TNA and UNA. The results indicate that the
UNA does estimate both the DNI and the TNA. However, the
mathematical relationship between DNI and UNA is different
from that between TNA and UNA. Moreover, the UNA corre-
lates more precisely with the TNA than with the DPI.
METHODS
Patients and study design
The 20 nondialyzed chronic renal failure patients and eight
CAPD patients examined in this paper had participated in one or
more studies of nitrogen and, often, mineral balance studies in a
metabolic research ward between 1968 and 1984 [6, 12—16]. Some
of the studies in the nondialyzed chronic renal failure patients,
particularly with the diets providing 60 g protein/day, have not
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been published previously. The chronic renal failure patients were
prescribed a total of 27 dietary protein intakes that provided
approximately 20 g, 30 g, 40 g or 60 g of protein per day. No
patient received an amino acid or ketoacid supplemented diet in
this study. The average duration of their treatment in the research
ward with each of the 27 diets was 24.8 (SD) 9.5 days. The eight
CAPD patients were studied in the metabolic unit while they
ingested a total of 13 diets that provided 76 8.5 or 114 4.5 g
protein/day (that is, 0.98 and 1.44 g protein/kg/day, respectively)
[6]. Duration of treatment with these 13 diets was 20.3 4.9 days,
plus an additional two to five days with each diet for equilibration.
The metabolic balance protocols were carried out in these
individuals as previously described [6, 12—16]. In brief, all patients
were studied while they lived in the metabolic research ward at
Wadsworth VA Hospital (West Los Angeles, CA, USA) except
for two individuals who were studied in the General Clinical
Research Center at Harbor-UCLA Medical Center (Torrance,
CA, USA). For each study they were fed a constant diet that was
prepared in a metabolic research kitchen that was situated on the
research ward. The protein and energy intake, and usually the
mineral intake, was kept constant for each diet study. Occasionally
a two-day diet cycle was employed where the daily nutrient
content of the diet did not vary, but some of the foods were only
given on alternate days. Thus, a patient might receive the same
fish preparation every other day with the same meat dish on the
intervening days, while the daily protein, energy and mineral
intake remained the same. All individuals received a daily water
soluble vitamin supplement during the study.
No chronic renal failure or CAPD patient had the nephrotic
syndrome, which was an exclusion criterion for these studies. In
seven of the nondialyzed chronic renal failure patients, who
participated in 14 of the 27 studies, the mean urinary protein
excretion during these experiments was 1.99 g/day (range, 0.39 to
2.79 g/day). The CAPD patients were anuric during nine of the 13
studies [6]. During the other studies, the CAPD patients had
minimal renal function with urinary urea clearances varying from
0.6 to 2.3 ml/min (mean, 1.3 mi/mm) [6]. The mean SEM losses
of protein and free amino acids in the peritoneal dialysate of the
CAPD patients were 9.2 0.6, and 3.3 0.4 g/day, respectively
[6].
All urine and (for CAPD patients) dialysate outflow were
collected and refrigerated immediately. Within 24 to 72 hours of
completing each 24-hour urine and dialysate collection, the
specimens were aliquoted and frozen. Four to seven day pooled
collections of these specimens were usually obtained. For some
oliguric CAPD patients, urine was collected and analyzed in
pooled specimens. Patients were fed capsules containing brilliant
blue or carmine red every four to seven days to identify the
beginning and end of each four- to seven-day fecal collection
period. Feces were frozen at the time of collection. Twenty-four
hour duplicate, identical diets, prepared usually every five to seven
days, rejected food, emesis, daily urine and dialysate (if any)
collections, and urine and dialysate (if any), and feces separately
pooled for each four- to seven-day collection period were ana-
lyzed for nitrogen. Urine and dialysate specimens were also
measured for urea. Blood was drawn at the beginning and end of
each four- to seven-day collection period for measurement of urea
and often other compounds. In every case, nitrogen was measured
by the macroKjeldahl method using the same instrument for
almost all patients [6, 12, 14, 16]. Urea and creatinine were
measured using automated chemical analyzers.
Data analysis
The following calculations were employed:
Total nitrogen appearance (TNA; g/day) = urine N (g/day) +
dialysate N (g/day) + fecal N (g/day) + change in body urea N
(g/day)
Urea nitrogen appearance (UNA; g/day) = urine urea N(g/day) + dialysate urea N (g/day) + change in body urea N
(g/day)
Nonurea nitrogen appearance (NUNA; g/day) = urine N
(g/day) + dialysate N (g/day) + fecal N (g/day) — urine urea N
(g/day) — dialysate urea nitrogen (g/day)
For nondialyzed patients with chronic renal failure, the dialy-
sate total N and urea N = 0; for anuric CAPD patients, the urine
total N and urea N = 0.
Change in body urea N g/day = (SUNf SUNS, g/liter/day) X
body wt(kg) X 0.60 liter/kg + (body Wtf — body wt, kg/day) x
SUN1 (g/liter) X 1.0 liter/kg
Where SUN is serum urea nitrogen, body wt is the patient's
actual body wt, and i and I are the beginning and end of each four-
to seven-day collection period. The fraction of body mass that was
considered to be water, that is, the volume of distribution of urea,
was estimated to be 0.60 unless the patient was obese or edema-
tous. In these latter circumstances, the factor used for this fraction
might be less or greater than 0.60.
Dietary nitrogen intake was calculated as the mean of all of the
nitrogen measurements of 24 hour duplicate dietary intakes for an
individual patient fed a given diet. There were almost invariably at
least three duplicate intakes measured for nitrogen with each diet
that was fed to an individual patient. The TNA, UNA and NUNA
were calculated for each balance period.
For the nondialyzed chronic renal failure patients, data are only
presented for the time after patients had metabolically equili-
brated or nearly equilibrated on each diet. This time is referred to
as the equilibrium phase. The equilibrium phase was judged as the
time during which the UNA within each collection period and
during successive collection periods was not changing or was
changing at a minimal rate. The onset of the equilibrium phase
was determined by visually inspecting the patient's UNA. Once
the designation of the time of equilibrium with a given diet was
made, it was not changed if outliers were observed in the
regression analyses. This approach, rather than using a mathe-
matical criterion for equilibrium, was used for the following
reasons. During some diet studies there were not many collection
periods (that is, there were usually 4 to 10 collection periods with
an individual diet study). Moreover, after commencing a given
diet study, the UNA during the initial collection periods often
increased or decreased rapidly, depending on the patient's dietary
protein intake immediately before his diet study commenced.
Thus, usually there were not sufficient numbers of collection
periods during the time of equilibration to determine the end of
this phase with precision by mathematical techniques. For the
CAPD patients, the first two to five days of each dietary treatment
were designated for equilibration, and no data were collected
during this time. To this degree, the duration of the study
reported for the CAPD patients underestimates the duration of
time that the patients were fed their prescribed metabolic balance
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Table 1. Characteristics of patients"'
Chronic renal
failure
Continuous ambulatory
peritoneal dialysis
(CAPD)
Number of men/women 17/3 8/0
Age, years 53.0 12.3 43.8 10.4
Duration of dialysis, months — 49.3 39.6
Serum albumin, g/dl 3.95 0.61" 3.32 0.34
Body weight, kg
Males 68.7 14.6 77.9 6.2
Females 85.2 17.9 —
Serum urea nitrogen, mg/dl 70.9 26.6 67.4 14.6
Serum creatinine, mg/dl 9.8 3.0 15.1 3.1
Mean of urinary urea and 5.9 2.1" 1.80 l.25
creatinine clearances, mi/mm
Weekly Kt/Varea — 1.67 028a,g,h
Dialysate and urinary creatinine — 66.90 1432cg
clearance, liter/week/I. 73 m2
a Mean SI)
b Only one data point was used for each
otherwise
patient unless indicated
Data represent values obtained at the beginning of the first study in an
individual patient unless indicated otherwise
d Data only available from 16 patients
a Data obtained from either 27 studies in 20 chronic renal failure
patients or from 13 studies in 8 CAPD patients
Five of the patients were anuric; these values indicate mean SD of
the average of the clearances obtained serially throughout this study in the
other three patients
g Data include clearances from residual renal function and are the mean
of the average values obtained from each patient serially throughout the
study
V was calculated as the product of body weight and 0.58
diets. The equilibrium phase for the CAPD studies was consid-
ered to be the entire duration of study after these initial two to five
days.
Statistical analyses
All analyses for statistical significance were performed with the
StatView statistical software package (BrainPower Inc., Calaba-
sas, CA, USA). Data were analyzed by mean values SD,
least-squares linear regression analyses, and student t-tests. For
the linear regression analyses, the 95% confidence intervals of y
for any given value for x were calculated as described by Zar [17].
These 95% confidence intervals predict the y value of a single x
observation. These confidence limits were calculated for both the
lowest and highest values of x in each linear regression analysis.
Thus, for each regression equation, two 95% confidence limits are
reported, one for the lowest x value and one for the highest x
value. In the figures, the lines indicating these confidence intervals
were plotted by connecting the individual 95% confidence inter-
vals for the lowest and highest values of x.
RESULTS
Characteristics of the patients are shown in Table 1. Most
patients were middle aged men; ages varied from 42 to 77 years
for the chronic renal failure patients and 27 to 59 years for the
CAPD patients. The CAPD patients showed some evidence for
protein malnutrition as indicated by their low serum albumin. The
weekly Kt/Vurea and creatinine clearances may be below recom-
mended values for peritoneal dialysis by today's standards (Table
2) [181. This may reflect in part the relatively large body wts of the
patients and the fact that the potential importance of the Kt/Vurea
values currently recommended by some investigators [18] was not
recognized at the time that the CAPD studies were conducted.
The duration of the equilibrium phase varied from 5 to 30 days
with the chronic renal failure patients and 14 to 33 days with the
CAPD patients (Table 2). The average daily protein intake of
individual chronic renal failure patients varied from 19.4 to 61.8
g/day (0.25 to 0.96 g/kg/day). The average protein intake for
individual CAPD patients ranged from 61.9 to 119.3 glday (0.88 to
1.52 g/kg/day). The daily energy intakes of both the chronic renal
failure and CAPD patients were rather high as compared to the
usual energy intake of patients with advanced renal failure (Table
2) [19, 20] and were probably close to the energy requirements of
these patients [16, 21].
The mean of the average individual total nitrogen appearances
(TNA) and urea nitrogen appearances (UNA) correlated directly
with the average dietary protein and nitrogen intakes in both the
chronic renal failure and CAPD patients (Table 2). The mean
TNA and UNA for each dietary intake were also directly corre-
lated. These relationships are shown in more detail for individual
nondialyzed chronic renal failure patients in Figures 1 to 3. The
data in these three Figures are shown in two ways. For individual
patients, the TNA and UNA obtained during each of the collec-
tion periods in the equilibrium phase were averaged to obtain a
single data point (that is, 27 data points for the 27 diet studies,
Figs. 1A, 2A and 3A). Also, the TNA and UNA obtained from
each collection period in individual patients during the equilib-
rium phase were analyzed as separate data points (72 data points
for the 27 patient studies, Figs. 1B, 2B and 3B).
The TNA correlated closely with the UNA (Figs. 1A and 1B).
The regression coefficient (r value) for this relationship was 0.948
when a single mean value was obtained from each diet study (Fig.
1A). The regression equation was as follows: TNA g/day = 1.19
UNA glday + 1.27 g/day; 95% confidence intervals: for lowest
UNA value, 1.27 glday; for highest UNA value, 1.35 glday
(see Methods for explanation of calculation of 95% confidence
intervals). The regression coefficient (r)value was 0.925 when the
data from each collection period during the metabolically stable
phase were analyzed separately (Fig. 1B). The precision and
predictability of these relationships can be ascertained from the
small 95% confidence intervals for TNA as a function of a given
UNA.
The dietary nitrogen intake (DNI) also was correlated with the
UNA (Figs. 2A and 2B). The r value for this relationship was
0.865 when a single mean value for DNI and UNA was obtained
from each diet study (Fig. 2A). The regression equation for the
DNT was as follows: DNI glday = 1.20 UNA glday + 1.74 g/day;
95% confidence intervals: lowest UNA, 2.22 g/day; highest
UNA, 2.37 g/day. To convert to protein intake, the equation
would be modified by multiplying by 6.25 as follows: dietary
protein intake glday = 7.52 UNA glday + 10.9 glday. The r value
was 0.850 when the data from each collection period during the
equilibrium phase were analyzed as separate values (Fig. 2B). The
lesser degree of preciseness and predictability for this relation-
ship, as compared to UNA versus TNA, is also indicated by the
somewhat larger 95% confidence intervals. This highly significant
but less precise relationship (as compared to UNA vs. TNA) was
not substantially improved upon when the DNI was correlated
with the TNA (Figs. 3A and 3B). The r value for this correlation
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Table 2. Duration of study, dietary intake, TNA and UNA with each diet'
Number of subjects
Chronic renal failure
Continuous ambulatory
peritoneal dialysis
6 4 14 3 7 6
Duration of dietary treatment, days" 34.2 12.4 21.8 4.6 22.8 7.4 41.3 5.5 18.0 3.7" 23.0 4.9"
rangeb (21—50) (16—26) (15—43) (35—45) (14—21) (21—33)
Time on balance study before 17.0 8.9 11.0 1.4 8.4 3.2 22.5 10.6 (2—5) (2—5)
equilibrium was attained, days
Duration of equilibrium phase, days" 21.2 15.6 16.3 6.3 14.0 7.0 16.2 5.6 18.0 3.7" 23.0 4.9"
range (5—15) (10—25) (5—30) (12—23) (14—21) (21—33)
Energy intake, kcal/kg/day" 36.8 2.2 37.0 1.4 37.0 3.4 36.7 3.1 41.3 5.0 42.1 2.9
Dietary protein intake, glday 22.0 1.8 31.8 2.4 40.4 2.2 60.6 1.3 76.0 8.5 114.0 4.5
Dietary protein intake, g/kg/day 0.37 0.10 0.51 0.14 0.56 0.11 0.88 0.13 0.98 0.08 1.44 0.05
Dietary nitrogen intake, glday 3.51 0.28 5.09 0.38 6.46 0.35 9.69 0.21 12.07 1.36 18.33 0.64
Total nitrogen appearance, g/day"
Urea nitrogen appearance, glday"
3.87 1.06
2.11 0.63
4.82 0.42
3.32 0.54
5.67 0.69
3.70 0.73
8.64 0.84
6.07 0.16
11.99 1.48 14.90 1.49
6.67 1.51 10.42 1.74
"Mean standard deviation
b Parentheses indicate range of days with each diet
"Excludes the first two to five days of treatment with each diet before data collection was commenced
d The data concerning UNA and TNA that are reported in this study were obtained during the metabolically stable equilibrium phase
Includes energy intake from the diet and, for CAPD patients, from the glucose absorbed from peritoneal dialysate
was 0.880 when a single mean value for DNI and UNA was
obtained from each diet study (Fig. 3A). The regression equation
was as follows: DNI g/day = 0.97 TNA g/day + 0.65 g/day or
dietary protein intake g/day = 6.09TNA g/day + 4.06 g/day; 95%
confidence intervals: for lowest TNA, 2.12 g N/day; for highest
TNA, 2.31 g N/day. The r value was 0.840 when the data from
each collection period during equilibrium were analyzed as sepa-
rate values (Fig. 3B).
Fecal nitrogen excretion was not constant in these patients and
correlated with the DNI (Figs. 4A and 4B), but not with body wt.
The r value for the relationship between fecal nitrogen and DNI
when a single data point was obtained from each diet study during
the stable metabolic phase was 0.5 94 (Fig. 4A). The r value when
data from each collection period were analyzed separately was
0.308. On the other hand, the nonurea nitrogen appearance
(NUNA) of these individuals during the equilibrium phase ranged
from 1.02 to 3.02 g/day (mean SD, 1.95 0.62 g/day) and did not
vary with DNI or body wt.
The relationship between the UNA, TNA and DNI for the
CAPD patients are shown in Figures 5 to 7. There again was a
high correlation between the UNA and TNA (r = 0.956). The
equation for this relationship was as follows, TNA g/day = 0.94
UNA g/day + 5.54 g/day; 95% confidence intervals for the lowest
UNA was 1.85 g/day and for the highest UNA was 1.93 g/day
(Fig. 5). The intercept for this relationship was greater than was
observed for the nondialyzed chronic renal failure patients (Fig.
1), presumably largely because of the losses of protein (about 8.8
g/day), peptides and amino acids (about 3 g/day) in the peritoneal
dialysate [22, 231. The correlation between the DNT and UNA was
much less precise (Fig. 6): DNI g/day = 0.97 UNA g/day + 6.80
g/day; 95% confidence intervals for the lowest UNA was 6.27
g/day and highest UNA was 6.53 g/day; r = 0.705, The 95%
confidence intervals of DNI for any given UNA were much
greater than for the relationship between TNA and UNA. The
precision of the correlation between the DNI and TNA was
similar to that between DNI and UNA, as indicated either by the
correlation coefficient (r= 0.760) or the 95% confidence intervals:
for lowest TNA, 5.57 g/day; for highest TNA, 5.79 g/day (Fig.
7). In the CAPD patients, as with the nondialyzed chronic renal
failure patients, there was a direct correlation between DNI and
fecal nitrogen (Fig. 8; r = 0.609). Also, similar to the nondialyzed
chronic renal failure patients, the NUNA in the CAPD patients
did not vary with DNI or body wt and ranged from 3.75 to 5.88
g/day (mean SD, 5.01 0.72 g/day).
DISCUSSION
There is a need to accurately determine the dietary protein
intake of patients with advanced chronic renal failure, both for the
clinical management of such patients and as a research instru-
ment. We therefore reexamined the accuracy and reproducibility
of the UNA for the assessment of both TNA and DNI, and we
determined the regression equations and the 95% confidence
intervals for these relationships. The fact that the UNA is both
inexpensive and easy to measure makes it especially useful. This
evaluation was considered to be particularly relevant because in
some reports the TNA has been taken to be equal to the DNI. In
addition, because the relationship between the TNA and UNA is
rather precise [3—11], it has been inferred that the relationships
between DNI and UNA and DNI and TNA are also precise.
However, there is not much research that has directly examined
this question. The data reported here were obtained from a series
of metabolic balance studies obtained over a 16 year period in
patients who were eating carefully defined protein intakes and had
their nitrogen measurements carried out in a single laboratory
using the same procedure, the macroKjeldahl technique. The
metabolic balance studies were of relatively long duration (mean
25 and 20 days in the chronic renal failure and CAPD patients,
respectively), which allowed the patients to reach equilibrium or
near equilibrium on their respective diets. Also, the studies were
carried out in clinically stable patients. Thus, we believe that the
results from the present study should be helpful for resolving
these questions.
The current study indicates that the relationship between TNA
and UNA is highly significant in both the chronic renal failure
patients (r = 0.948) and the CAPD patients (r = 0.956; Figs. 1 and
5). The small 95% confidence intervals for these relationships in
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Fig. 1. The direct correlation between the total nitrogen appearance
(TNA) and urea nitrogen appearance (UNA) in 20 nondialyzed patients
with advanced chronic renal failure who underwent 27 nitrogen balance
studies during which constant dietary protein intakes were ingested. The
solid line represents the least squares regression equation. The broken
lines represent the 95% confidence intervals (see Methods). (A) Each
circle represents the mean value for the data obtained during the
collection periods in the equilibrium phase with each diet. (B) Each circle
represents the data obtained from a single collection period during the
equilibrium phase. In A, y = 1.192x + 1.27, r = 0.948, P < 0.0001. In B,
y = 1.133x + 1.59, r 0.925, P < 0.0001.
the chronic renal failure patients and CAPD patients indicate that
the UNA can predict the TNA both precisely and reproducibly.
For example, if the UNA of a nondialyzed chronic renal failure
patient is 7.14 g/day, the mean estimated TNA would be 9.77
g/day and the predicted range of 95% of the values would be from
8.42 to 11.12 g N/day.
The observation that TNA is highly correlated with UNA has
been reported previously in patients with chronic renal failure [8,
24], CAPD patients [5, 6, 9—11], maintenance hemodialysis pa-
tients [31 and in individuals without renal failure [25]. For the
nondialyzed chronic renal failure patients, Maroni, Steinman and
Mitch [8] reported the following relationship:
TNA = 1.OUNA + 31 mg/kg body wi/day
The paper of Cottini, Gallina and Dominguez [24] reported
that, in nondialyzed patients with varying degrees of chronic renal
0 1 2 3 4 5 6 7 8
UNA, g N/day
Fig. 2. The direct correlation between the dietary nitrogen intake (DNI)
and the UNA in 20 nondialyzed patients with advanced chronic renal
failure who underwent 27 nitrogen balance studies during which constant
dietary protein intakes were ingested. (A) Each circle represents the mean
value for the data obtained during the collection periods in the equilib-
rium phase with each diet. (B) Each circle represents the data obtained
from a single collection period during the equilibrium phase. In A, y =
1.204x + 1.74, r = 0.865, P < 0.0001. In B, y = 1.150x + 1.89, r = 0.850,
P < 0.0001.
failure, total urine + fecal nitrogen excretion =1.06 (urinary urea
nitrogen) + 1.53. Borah and colleagues [3] reported that in
maintenance hemodialysis patients, TNA = 1.039 UNA + 1.77.
Our regression equation for CAPD patients differs somewhat
from the report of Bergstrom et al [11], who described that
TNA = 1.32 UNA + 2.41 in their CAPD patients. In contrast, in
our CAPD patients the increment in TNA was essentially equal to
the rise in UNA. The cause for this difference in results is not
clear. The slope of the TNA as a function of UNA in our study
appears to be more similar to the slopes in the studies of Cottini
el al [24], Maroni and coworkers [8], and Borah and associates [3]
in nondialyzed chronic renal failure or maintenance hemodialysis
patients than is the slope for this relationship in the Bergstrom
study [11]. In the study of Bergstrom and associates, the balance
periods lasted only seven days, except for three studies in which
the balance periods were six, nine and 10 days, respectively [11].
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Fig. 3. The direct correlation between DNI and the TNA in 20 nondia.
lyzed patients with advanced chronic renal failure who underwent 27
nitrogen balance studies during which constant dietary protein intakes
were ingested. (A) Each circle represents the mean value for the data
obtained during the collection periods in the equilibrium phase with each
diet. (B) Each circle represents the data obtained from a single collection
period during the equilibrium phase. In A, y = 0.974x + 0.65, r = 0.880,
P < 0.0001. In B, Y = 0.928x + 0.75, r = 0.840, P < 0.0001.
The balance periods were preceded by an adaption period that
averaged four days. In our CAPD patients, the balance studies
averaged 20.3 4.9 (SD) days in addition to a two to five day
period with each diet for equilibration. Whether this difference in
duration of study could contribute to the differences in the slopes
of the relationship between TNA and UNA in the study of
Bergstrom et al and the present study is not known. Moreover, in
our patients, the peritoneal dialysate losses of total protein, amino
acids, creatinine, uric acid and total nonurea nitrogen did not
correlate with nitrogen intake [22, 23, 26]. Thus, one might
anticipate that the TNA would covary with the UNA by a factor
close to 1.0.
The findings of the present study indicate that in the clinical
setting the UNA can be employed to accurately estimate the
magnitude of net protein degradation (that is, the protein nitro-
gen appearance). For example, in the hypothetical patient who
has a UNA of 7.14 g/day, the mean predicted protein nitrogen
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Fig. 4. The direct correlation between fecal nitrogen excretion and the
DNI in 20 nondialyzed patients with advanced renal failure who under.
went 27 nitrogen balance studies in which constant dietary protein
intakes were ingested. (A) Each circle represents the mean value for the
data obtained during the collection periods in the equilibrium phase with
each diet. (B) Each circle represents the data obtained from a single
collection period during the equilibrium phase. In A y = 0.134x + 0.34,
0.594, P = 0.001. In B, y = 0.069x + 0.79, r = 0.308, P = 0.008.
appearance, based upon our data, would be 61.1 g protein/day
(estimated by multiplying the TNA by 6.25) with 95% confidence
intervals of 52.6 to 69.5 g protein/day. It follows from these
considerations that if the dietary protein or amino acid intake of
a patient is known, the UNA or protein nitrogen appearance can
be used to estimate the nitrogen or protein balance.
The results of the present study also indicate that the correla-
tion between the DNI and the UNA, although highly significant,
is slightly less precise than the relationship between the TNA and
UNA. Moreover, the 95% confidence intervals indicate that the
degree to which the UNA predicts the DNI is less exact. Thus, if
the UNA of a nondialyzed chronic renal failure patient is 7.14
g/day, the predicted average DNI would be 10.31 g/day; however,
the predicted range for 95% of the values would be 7.94 to 12.68
g N/day. Converting these values to dietary protein intake by
multiplying by 6.25, the mean predicted dietary protein intake
would be 64.4 g/day with 95% confidence limits of 49.6 to 79.2
A
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Fig. 5. The direct correlation between TNA and UNA in eight patients
treated with continuous ambulatory peritoneal dialysis (CAPD) who
underwent 13 nitrogen balance studies during which constant dietary
protein intakes were ingested. Each circle represents the mean values for
the data obtained during the nitrogen balance study after a 2 to 5 day
equilibrium period. The solid line represents the least squares regression
equation. The broken lines represent the 95% confidence intervals (see
Methods). y = 0.937x + 5.54, r = 0.956, P < 0.0001.
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Fig. 6. The direct correlation between DNI and the UNA in eight patients
treated with CAPD who underwent 13 nitrogen balance studies during
which constant dietary protein intakes were ingested. The solid line
represents the least squares regression equation. The broken lines repre-
sent the 95% confidence intervals (see Methods). y = 0.970x + 6.80, r =
0.705, P = 0.007.
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Fig. 7. The direct correlation between DNI and the TNA in eight CAPD
patients who underwent 13 nitrogen balance studies during which con-
stant dietary protein intakes were ingested. The solid line represents the
least squares regression equation. The broken lines represent the 95%
confidence intervals (see Methods). y = 1.068x + 0.63, r = 0.760, P
0.003.
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Fig. 8. The direct correlation between fecal nitrogen excretion and the
DNI in eight CAPD patients who underwent 13 nitrogen balance studies
during which constant dietary protein intakes were ingested. The solid
line represents the least squares regression equation. The broken lines
represent the 95% confidence intervals (see Methods). y = 0.041x + 1.08,
r = 0.609, P = 0.027.
g/day. Although in both the chronic renal failure and CAPD
patients the UNA predicts the DNI less accurately than it predicts
the TNA, the slopes of the regression equations for these two
relationships are quite similar. Thus, for the chronic renal failure
patients, the regression equations for TNA versus UNA as
compared to DNI versus UNA differ primarily by the intercept,
which is approximately 0.5 g greater for the latter equation.
Similarly, for the CAPD patients, the differences in the regression
equations for TNA versus UNA as compared to DNI versus UNA
could be accounted for to a substantial degree by the intercept,
which is about 1.3 g greater for the latter equation. The differ-
ences in the slopes for these two equations in the chronic renal
failure and CAPD patients are, respectively, 0.012 and 0.033.
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The less precise relationship between the DNI and UNA could
be caused by large and variable losses of nonurea nitrogen in urine
(such as protein, peptides, ammonium) or dialysate (such as
protein, peptides, amino acids). However, this was not the case in
the present study, because the DNI would then correlate substan-
tially more closely with the TNA than with the UNA. On the
contrary, in both the chronic renal failure and CAPD patients, the
DNI correlated almost to the same degree of precision with the
UNA and TNA. Also, if the nonurea nitrogen losses in urine or
dialysate accounted for these differences, the correlation between
the TNA and UNA should not be so strong, in contrast to the
precise relationship between the TNA and UNA observed in the
current study (Figs. 1 and 5). Hence, although there was certainly
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some variability in the output of these nitrogenous compounds in
dialysate [22, 23, 26] and urine, clearly the variance was not great.
Instead, the lesser precision between the DNI and UNA
probably reflects a combination of variability in unmeasured
nitrogen losses and positive or negative protein balance of the
patients [27—29]. The sources of these unmeasured losses include
exhaled nitrogenous compounds and the nitrogen removed in
sweat, exfoliated skin, hair and nail growth, blood sampling, saliva
(including saliva and exfoliated cells lost with tooth brushing),
flatus and fecal matter on toilet paper [27—29]. Some of these
unmeasured nitrogen losses are not constant and in fact can
increase markedly, for example, when there is a rise in protein
losses due to greater blood drawing or when nitrogen intake is
increased [30, 311. It is possible, but not proven, that uremic
patients may be at particular risk for large nitrogenous losses
because they exhale increased quantities of certain nitrogenous
substances, such as methylamines [32]. Positive or negative nitro-
gen balance can also lead, respectively, to underestimates or
overestimates of the DNI by the UNA or TNA [28]. The
relationship between DNI and either UNA or TNA also will be
less precise in individuals who have recently changed their dietary
protein intake. Moreover, larger nonurea nitrogen losses in urine
or dialysate can alter the accuracy of the UNA as a predictor of
either TNA or DNI. Large urinary losses of nonurea nitrogen may
occur when there is a substantial amount of proteinuria or when
there is sufficient renal function in the presence of acidemia to
elevate urinary ammonium excretion. Similarly, peritonitis can
increase the nonurea nitrogen losses in peritoneal dialysate. In the
current study, the nondialyzed chronic failure and CAPD patients
were clinically stable, and there was little or no glomerular
filtration rate or urine protein excretion. Hence, proteinuria,
increased peritoneal protein losses and acidemia should not have
had an important influence on the results.
One reason that the correlation between the TNA or DNI and
the UNA was as precise as we found is that the nonurea nitrogen
appearance (NUNA) was similar in all chronic renal failure
patients and also among the CAPD patients, and did not vary
significantly with changes in the DNI in either group. The ratio of
the NUNA to body wt in the chronic renal failure patients
averaged 0.0289 glkglday when a single data point per diet study
(N = 27) was used and 0.0307 g/kg/day when one data point per
collection period in the equilibration phase (N = 72) was used.
For the CAPD patients, the NUNA divided by body wt was 0.0631
glkg/day; the higher magnitude of this value largely reflects the
protein, peptide and amino acid losses in peritoneal dialysate [22,
23, 26].
Although the NUNA did not correlate with the DNI, there was
a low level direct relationship between the fecal nitrogen excretion
and the DNI in both the nondialyzed chronic renal failure patients
and the CAPD patients (Figs. 4 and 8), a finding also reported in
CAPD patients by Bergstrom and coworkers [11]. In contrast to
these observations, Maroni et al did not find a correlation
between fecal nitrogen and DNI in nondialyzed patients with
chronic renal failure [8].
The conclusion of Maroni and coworkers that the sum of the
UNA and 31 mg/kg body wt/day gives a more accurate estimate of
the TNA was based in part on their findings that the fecal nitrogen
and NUNA did not correlate with DNI [8]. We re-examined this
question with our data using the ratio of NUNA/body wt as 0.0289
and 0.0307 glkg/day for the chronic renal failure patients and
0.0631 glkg!day for the CAPD patients. TNA was then calculated
from the equation, TNA = UNA + estimated NUNA/body wt
ratio (patient's body wt). This estimated TNA was then compared
to the measured TNA for each patient. The correlation coeffi-
cients for these relationships in the chronic renal failure patients
(N = 27 and N 72) and the CAPD patients were, respectively,
r = 0.894, r = 0.887, and r = 0.968. These values were either less
than or not materially greater than the regression coefficients
observed with the standard equations (Figs. 1A, 1B, and 5). Thus,
the equations that we suggest be used to estimate the DNI or
TNA from the UNA in either the chronic renal failure or the
CAPD patients do not contain an adjustment factor for body wt
(Figs. 1, 3, 5, 7).
In summary, the results of these studies indicate that in both
chronic renal failure and CAPD patients, there is a precise
relationship between the TNA and UNA. The DNI correlates
significantly but less precisely with either the UNA or the TNA.
Thus, the degree of accuracy for predicting DNI from UNA,
although useful, may be less precise than has been formerly
suggested by others. Also, the regression equations for predicting
DNI from UNA is substantially different from the equations for
predicting TNA from UNA. Thus, the latter equations should not
be used to predict the DNI.
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